Introduction
Mexican Duck Anas diazi is perhaps the least known of all North American waterfowl (Williams 1980) . Literature on the species is markedly biased towards taxonomic issues (see Delacour and Mayr 1945 , Pitelka 1948 , Huey 1961 , Johnsgard 1961 , Aldrich and Baer 1970 , Hubbard 1977 , and basic conservation information is extremely scarce. Some ecological and demographic information exists, but has been obtained from highly hybridized, isolated populations from the southern United States (Swarbrick 1975 , Nymeyer 1977 . Despite the fact that Mexican Duck is the only member of its genus to have successfully adapted as a year-round resident to the highlands of Mexico, with an estimated 98% of the global population occurring there (Williams 1980) , the natural history described by Williams (1980) is perhaps the only reliable source of general information for the species in Mexico. This paucity of knowledge has generated confusion and has resulted in intermittent legal protection in the United States (see AOU 1957 , Aldrich and Baer 1970 , Hubbard 1977 , USFWS 1977 , 1978 , with a subsequent reluctance to fund research and conservation projects for the species.
From the information that is available for Mexican Duck, there is no evidence for migratory movements, with breeding and wintering records occurring throughout its range (Friedmann et al. 1950 , Goldman 1951 , Aldrich and Baer 1970 , Ohlendorf and Patton 1971 , Tomlinson et al. 1973 , Hubbard 1977 , Williams 1980 . Mexican Ducks seem to be well adapted to the agricultural environment that prevails in the highlands (Scott and Reynolds 1984) , apparently using crop fields and irrigation structures in substitution for natural habitat, feeding largely on waste grain (Leopold 1959) . Their life cycle is closely related to pluvial regimes and water availability, occupying large permanent wetlands during the dry season and dispersing to breed in small seasonal ponds after the onset of rains (Williams 1980) . Climate over most of the Mexican highlands is characterized by a summer rainy season beginning abruptly in June and continuing into October, followed by a dry winter season. The rainy season begins earlier (around May) in the south-east and later (around July) in the north-west. The use of wetlands by Mexican Duck is likely to be limited by excessive human disturbance, availability of nesting cover, and escape cover for the broods; water quality does not seem to be a limiting factor, regardless of the season (Bevill 1969 , Williams 1980 , Mellink 1994 . Some management for the species, in the form of excluding grazing livestock from small wetlands and their periphery to promote nesting cover and improve water quality has been conducted in the Northern highlands (Ducks Unlimited 2001) . Williams (1980) estimated the minimum (pre-breeding) population of Mexican Duck in Mexico at around 55,500 individuals, with between 85% and 90% of the total population concentrated in a small area in the western Central highlands, where the states of Guanajuato, Jalisco and Michoacán meet. This is the figure currently in use by Wetlands International (Rose and Scott 1997) .
There is growing concern for waterfowl conservation in Mexico, with a particular interest in resident species (E. Carrera in litt. 2001) . The scarcity of resources for such action makes it important to distinguish higher from lower priority areas for conservation. Competition with incompatible land uses also limits the area that is available for conservation (Kirkpatrick 1983 , Pressey 1994 , Pressey and Tully 1994 . Here, we analyse long-term count data for Mexican Duck in Mexico to identify population trends and recent count data to identify key sites for conservation.
Methods

Data
The U.S. Fish and Wildlife Service and Mexican authorities have been monitoring wintering waterfowl in Mexico since the late 1940s through the midwinter waterfowl counts (e.g. USDI 1997). Waterfowl are counted during the highlands' dry season in January (though not in every year), through aerial surveys of discrete wetlands. Using data from this survey, Mexican Duck counts from the interior highlands of Mexico which cover the period 1960-2000 (n = 21) were used in this analysis. For this period, the coverage of count sites was well established and encompassed most of the distributional range of the species. The survey was conducted every year from 1960 up to 1966, and then on an irregular basis until 1975. After 1977 it was again conducted every year until 1982, and has been conducted every three years since.
Population trends
Trends in numbers of Mexican Ducks were analysed for sites (localities), for the Northern and Central highlands (following the regional divisions in Saunders and Saunders 1981) , and for Mexico overall.
Trends were assessed using TRIM v3.04, a program developed for the analysis of count data derived from wildlife monitoring schemes (Pannekoek and van Strien 2000) . The program uses loglinear models to produce annual population indices and population trends from time series of count data (Pannekoek and van Strien 2001) . Large-scale wildlife monitoring schemes are often characterized by the presence of many missing values from individual sites within the scheme. In order to combine the counts from individual sites to derive a national or regional population index or trend it is necessary to account for the missing counts. TRIM provides a framework for so doing by producing a model based on the existing counts and then using this to predict those that are missing. National or regional population indices and trends can then be calculated using a complete dataset where the missing counts are replaced by predicted counts from the model.
For the Mexican duck dataset, TRIM was used to fit a loglinear model to the observed counts, where each count was expressed as a function of a site factor and a separate year factor for each survey year (Linear (switching) trend model, selecting each year in which there was a survey as a changepoint (see Pannekoek and van Strien 2001for a full explanation of the model)). The model was then used to predict missing site counts within the survey years and annual population indices were obtained for each survey year using the predicted counts to replace any missing values.
A population index is simply the ratio between the total count for a given year and the total count in the base year, representing the increase (or decrease) with respect to the base year (Pannekoek and van Strien 2001) . In the present analysis, the base year was 2000, in which indices were set to 100. Simple measures of overall trend were also obtained from the completed dataset by linear regressions of the log-transformed year totals on years.
Only those sites with count data for 50% or more of the number of years in which the survey took place were used for the assessment of trends to reduce the number of missing values that had to be imputed by the model (see Underhill and Prys-Jones 1994) . Of 109 sites with Mexican Duck data, 50 sites met this requirement. These sites were considered representative of the entire set, as they included 94.9% of the total number of Mexican Ducks counted during the study period.
Identification of priority sites
Priority sites for the Mexican Duck were identified using data from the period 1991-2000 (n = 4) to ensure that the assessment was reasonably up to date, as waterfowl numbers in Mexico experience large fluctuations (Ducks Unlimited 2001) . The use of relatively recent count data avoids the selection of sites that, although having high long-term average numbers, are no longer of great significance for the species. It also secures the selection of those sites that have become important, even if long-term averages are not particularly large.
We searched for the minimum set of sites, which could be considered as a priority for conservation of Mexican Duck. Here, we used a complementarity approach for the selection of a set of sites that addresses large fluctuations in numbers of Mexican Ducks recorded in the midwinter surveys. This minimum (priority) set was subject to certain restrictions that function as requirements for the inclusion of sites within the set, and are unique values for every year in which the survey was conducted. These restrictions operate as conditions that have to be fulfilled not by individual sites but by the set as a whole, within the smallest possible number of sites. The restrictions were such that the minimum set represented at least 70% of the Mexican Duck midwinter count, for every surveyed year from the time series employed (1991, 1994, 1997 and 2000) .
The rather high target of representing 70% of the midwinter count within the priority set of sites was chosen due to the endemicity of Mexican Duck, and the lack of information about its population status and conservation requirements. Apart from identifying areas for efficient application of conservation resources, a priority set of sites covering such a large proportion of the counted individuals is also useful in designing population surveys. Alternative solutions for less demanding targets are also presented.
The priority (minimum) set of sites was determined through linear integer programming using LINDO (LINDO Systems 1996) , based on complementarity procedures by Rodrigues et al.(2000) . The minimum set, subject to the restrictions described above, was determined by solving the integer problem:
where I is the number of sites, J is the number of count years, c ij is the count of Site I in year j, and variable χ i is 1 if and only if site i is selected. Target t j is 70% of the Mexican Duck mid-winter count of year j. The objective function (I) is to minimize the number of sites selected. Inequality (II) ensures, for all the years considered, the selection of a set representing at least 70% of the Mexican Duck count. The restriction of integrality (III), states that the variable χ i is either 0 or 1, thereby treating each site as an indivisible unit.
Results
Trends in numbers of Mexican Ducks
The overall Mexican Duck population showed a small significant long-term increase of around 2% per year (Table 1, Figure 1 ). Most of this increment was a result of population increases in the Northern highlands where the population augmented at an average rate of 7.7% per annum since numbers in the Central highlands remained stable (Table 1, Figure 2 ). During the last decade, Mexican Duck numbers remained reasonably stable, both nationally and in the two regions, although it should be noted that these trends are based on only four surveys. The overall long-term increase in population is not constant throughout the whole period however, as large fluctuations in the counts exist. Mexican Duck counts during 1982 and 1988 were particularly high, while 1962, 1963 and 1977 had the lowest counts. On average, for the period 1960-2000, 84% of the Mexican Ducks counted in the midwinter surveys were in the Central highlands and 16% in the Northern highlands. However, due to the sustained increase in Mexican Duck numbers in the Northern highlands, the proportion of the population that this region contributes to the total has increased spectacularly, contributing more than 38% of the count in 2000, as opposed to 8%i n1960. This proportion reached 44% of the total in 1994. During the last decade, the Northern and Central highlands had, on average, 33% and 67% of the counts, respectively ( Table 2) . 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 Year Population Index 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 Year Population Index Of sites with average counts in excess of 300 birds between 1960 and 2000, four localities in the Northern highlands and three in the Central highlands showed significant long-term increases in Mexican Duck numbers ( Table 1) . One site in the Central highlands (Lago de Chapala) exhibited a significant long-term decrease, while another site in the same region (Lerma) was the only site that showed a significant decrease during the last decade (Table 1) . 
Priority sites
Fifteen sites were identified as priorities for Mexican Duck conservation ( Figure  3) . In sum, they have held between 70% and 75% of the midwinter Mexican Duck count during the analysed years, averaging around 18% of the population estimate of 55,500 individuals (see Rose and Scott 1997) . None of the sites are protected areas or managed for conservation. Laguna Bustillos, Cabadas, Languillo, Presa Solís, Laguna de Babícora, Lago de Cuitzeo, Laguna Mexicanos, Presa Tepuxtepec, Irapuato and West Yuriria qualify for designation as wetlands of international importance for the Ramsar Convention on Wetlands, under criterion 6 of holding, on average, 1% or more of the individuals in the population (Ramsar Bureau 1999), using the estimated population size of 55,500 (Table 3 ; see Rose and Scott 1997) .
Four priority sites are located in the Northern highlands, and 12 in the Central highlands ( Figure 3) . Eight of the selected sites (East Atotonilco, Cabadas, West Yuriria, Lago de Cuitzeo, Irapuato, Presa Solís and Presa Tepuxtepec), are located within a relatively small area in the western Central highlands along the Rio Lerma drainage (Figure 3) . Laguna de Santiaguillo lies approximately in the middle of the distribution range of Mexican Duck, while three sites (Laguna de Babícora, Laguna Mexicanos and Laguna Bustillos) are located on the northern fringe of the range, and one site (Apan) lies in the eastern tip of the range ( Figure  3) . The state of Guanajuato has six priority sites, Michoacán has three sites, Chihuahua has three sites, Jalisco has two sites, and Durango and Tlaxcala one site. The sites required to meet other, less strict targets for the priority set of sites, are presented in Table 4 . Bullets indicate sites which are required to reach the population targets on the first column. However, as little is known about the conservation requirements of Mexican Duck, it is advisable to employ rather high targets, which could be changed if required when more detailed conservation information is generated.
Discussion
Population trends
The sustained upward trend of Mexican Duck counts in the Northern highlands ( Figure 2 ) seems to reflect a true population increase in the area. Some of the sites within this region held, during recent years, larger numbers than sites in the Central highlands, the region that historically has been home to the largest concentrations (Leopold 1959 , Hubbard 1977 , Williams 1980 [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] . Bullets denote the selection of the site in the priority set for the corresponding target. Locations are given in the Appendix.
1984
). Large irrigation projects have been developed in the Northern highlands since the 1970s, that have created habitat for a Mexican Duck population that is probably many times larger than that previously maintained (Scott and Reynolds 1984) . Mexican Duck populations in the region seem to be increasing with agricultural habitat availability, as this provides readily available resources of food and water (Scott and Reynolds 1984) . Agricultural practices have displaced natural vegetation with crops, and the natural ponds have been modified either by draining and ploughing or deepened for water retention. This in turn has apparently been beneficial for Mexican Duck populations, which use the modified wetlands for renesting efforts, effectively extending the breeding season (Williams 1980) . Irrigation channels and drains may also function as corridors for the expansion to new areas, as Mexican Ducks have been seen in the coastal agricultural areas of Sonora using these artificial structures (E. Carrera in litt. 2001). Scott and Reynolds (1984) attributed the increase of the Mexican Duck population near Laguna Bustillos to the expansion of irrigation agriculture, facilitating movement of ducks through the irrigation structures along the Conchos River. The adaptability of Mexican Duck to agriculture has been reported by a number of authors (Leopold 1959 , Hubbard 1977 , Scott and Reynolds 1984 , Williams 1984 . This is apparently not a sudden modification of behaviour to newly created conditions, but a gradual process of adaptation according to progressive habitat modifications. Intense human occupation and the introduction of agriculture in the Mexican highlands date back at least 4,000 years (Bradbury 2000) . The landscape in the highlands has suffered a progressive modification since the introduction of agriculture and throughout the prehispanic and conquest periods (Endfield and O'Hara 1999, McAuliffe et al. 2001 , see also Borah and Cooke 1963 , Licate 1981 , Hassig 1994 , apparently allowing Mexican Duck to adapt gradually to the agricultural conditions of the region and successfully exploit the landscape features and food made available by intensive agricultural practices. However, there is no information with which to determine if the carrying capacity of the region has been reached.
The absence of population growth in the Central highlands (Figure 2 , Table 2 ) may be influenced by factors such as vegetation cover, contaminants or human disturbance. Lack of suitable vegetation cover for nesting and escape for the broods has been suggested as a possible limiting factor for Mexican Duck populations (Bevill 1969 , Williams 1980 ), but they have been found to have flexible nesting cover requirements, using any type of available vegetation ranging from crop fields to dry forests, even a considerable distance away from water (Williams 1980) . Pollutants from agricultural runoff could also directly affect the success of local Mexican Duck populations. In the Lerma Valley, Montes de Oca et al.(1996) found cadmium at toxic concentrations in Mexican Duck livers, being 10 times higher than in migratory duck species in the same area. Cadmium is used in fertilizers (Montes de Oca et al. 1996) , and the higher concentrations in Mexican Ducks could reflect the longer exposure, as they stay year-round in possibly contaminated waters, or may be a consequence of field feeding. Large quantities of domestic and industrial sewage from the entire Lerma-Chapala basin also flow largely untreated into lakes and reservoirs, with increasing phosphorus loads transported by the Lerma River (de Anda et al. 2000) . The disturbances of the system are so severe that the entire regional ecosystem could be irreversibly affected (de Anda et al. 1998) . The effects on the icthyofauna are already evident; of 44 endemic fish species of the Lerma-Chapala basin, three are extinct and 23 greatly reduced in range and population due to environmental degradation (Lyons et al. 1998) . The marshes and lakes along the Rio Lerma drainage are also important to disjunct populations of wetland birds. Endemics to marshes in the region include Black-polled Yellowthroat Warbler Geothlypis speciosa (Curson et al. 1995) , Yellow Rail Coturnicops noveboracensis goldmani, Mexican Clapper Rail Rallus eleganstenuirostris (Taylor and van Perlo 1998) and Northern Boat-billed Heron Cochlearius cochlearius zeledoni (MartΡnez-Villalta and Motis 1992). The extinct Slender-billed Grackle Quiscalus palustris was a resident endemic in marshes at the headwaters of the Lerma River (Stattersfield et al. 1998) .
Some sites show disproportionately large counts during certain years. For example, in Laguna de Santiaguillo, more than 3,000 Mexican Ducks were counted in 1988, and in Laguna Mexicanos a similar number was recorded during the same year, both figures much higher than the average counts of 398 and 321 individuals, respectively. In Lago de Chapala more than 10,000 Mexican Ducks were counted in 1982, a considerably higher number than the mean of 1,194 individuals. The largest count of Mexican Ducks in Mexico was recorded in Cabadas in 1988, when more than 32,000 individuals were counted, an extraordinarily high number considering the average of 3,454 individuals for this site. Large concentrations are apparently common during the dry season, when Mexican Ducks are highly gregarious, forming flocks containing up to 5,000 individuals and possibly more during very dry years (Williams 1980) . Large midwinter counts may be a product of unusually large concentrations during years with locally dry conditions, as they tend to move towards wetlands with available water when the small seasonal ponds, which were occupied during the breeding season, disappear (Williams 1980) . Smith et al.( 1959) and Williams (1980) noted that counts of Mexican Ducks tend to vary inversely with the amount of available aquatic habitat; when water is abundant, fewer are counted, while exceptionally dry winters yield larger numbers (birds concentrate in permanent wetlands in which the survey is conducted).
Priority sites
Although the selected priority sites account for more than 70% of the midwinter Mexican Duck counts, they only represent 18% of the estimated population size. The estimate of a minimum population size of 55,500 Mexican Ducks was calculated using data from aerial counts in 1978, by predicting numbers of ducks for unsurveyed areas from a count of around 39,000 individuals (Williams 1980) . The survey used for the calculation of the population size covered an extensive area of the distribution range of the species, and special efforts were made to cover small seasonal ponds in agricultural areas, as well as large permanent wetlands (Williams 1980) . However, the data from the midwinter surveys used in the analysis presented here is not extrapolated for uncovered areas, and as these surveys are not designed specifically for Mexican Duck, coverage of small seasonal wetlands is not as extensive (Williams 1980) . This explains the rather small proportion of the population estimate that the counted individuals in the priority sites represent. This proportion most likely fluctuates throughout the year, increasing as the birds concentrate when the dry season progresses, and decreasing as they disperse to breed after the start of the wet season.
Calculating an up-to-date estimate of the minimum population size of Mexican Duck is probably the most urgent research task that needs to be undertaken. This estimate can be derived from aerial counts prior to dispersal of the dry season flocks to the breeding areas, at the end of the dry season. During this time of year, counting conditions are optimal as Mexican Ducks are in large concentrations, most wintering waterfowl of other species have gone, and the lack of vegetative cover and the barren shorelines of the wetlands facilitate the detection of ducks from the air (Williams 1980) . These counts should ideally cover the largest possible area of the highlands, also surveying wetlands that are not covered by the midwinter counts. If funding annual aerial counts to calculate and regularly update a minimum population size estimate proves difficult, volunteer teams could be trained to conduct ground surveys, which should ideally be concentrated on the priority sites identified here, where the highest densities are known to occur.
The priority sites identified may also incorporate the main breeding areas, as Mexican Ducks apparently move to the closest available wetland with suitable cover for nesting after the beginning of rains, when vegetation cover has grown to an acceptable height and the seasonal wetlands have gathered sufficient water (Williams 1980) . Due to the low breeding densities of Mexican Duck (about 1 pair/250-300 ha) (Williams 1980) , intensive habitat management to supply nesting cover seems impractical, but schemes aimed at promoting escape cover for the broods seem a more feasible option. Conservation of Mexican Duck is expected to be costly, because its large distributional area and low densities during the breeding season prevent the efficient application of programmes to promote vegetative cover. Barbed-wire exclusions in small sections of seasonal wetlands to prevent livestock from grazing and to promote escape cover during the brood-rearing season are probably the most viable management option. A similar programme, with the aim of improving nesting cover and water quality in small wetlands has been carried out in Mexico (Ducks Unlimited 2001) . The improvement of wetland conditions not only benefits Mexican Duck and other wetland-related wildlife, but also improves watering conditions for cattle and provides a readily available seed bank for rapid reestablishment of annual herbs. An analogous programme could be promoted among state governments and farmers in the priority sites, and around sites showing population declines.
To date, Mexican Ducks have not yet been marked in Mexico. Banding efforts should also be concentrated in the priority sites, as the large dry season flocks make morning and evening feeding flights on a regular basis to surrounding crop fields (Williams 1980) , where they could be captured more easily. Banding recovery data would provide information about dispersal, survival, and movements between areas, also generating valuable data about site fidelity and movements in response to local environmental change.
Hybridization
Hybridization has contributed to the extinction of many species through direct and indirect means (Allendorf et al. 2001) . Mallard Anas platyrhynchos genic intro-gression has been reported in Black Duck A. rubripes (e.g. Deon et al. 1995 , Shutlet et al. 1996 ), Hawaiian Duck A. wyvilliana (e.g. Browne et al. 1993 and Grey Duck A. superciliosa (e.g. Gillespie 1985 , Haddon 1998 . The level of introgressive hybridization between Hawaiian and Grey Duck with Mallard is so large that few pure populations remain (Rhymer et al. 1994 , BirdLife International 2000 .
Concern has been expressed that Mexican Duck is being swamped by Mallard phenotype, especially in U.S.A. populations (Johnsgard 1961 , Aldrich and Baer 1970 , Hubbard 1977 . In Mexico, Hubbard (1977) found that Mexican Duck had fewer platyrhynchos characteristics in phenotypes of southern populations and more Mallard influence to the north. Scott and Reynolds (1984) found a clinal change from north to south in plumage characteristics, with more evident Mallard influence as latitude increased. They identified a ''fulcral '' population (i.e. where the phenotypes are possibly in a state of flux) in southeastern Chihuahua, and pointed out the original source of the birds inhabiting this area to Trans-Pecos Texas and northern Chihuahua, with birds moving southwards along the Río Conchos drainage through irrigation systems.
Before 1920, Mallard were a conspicuous component of wintering waterfowl as far south as the Valley of Mexico, but they are now scarce, even in northern Chihuahua (Scott and Reynolds 1984) . Populations have apparently declined due to increasing grain production in the U.S.A., as migrating birds are effectively short-stopped by easily available food resources before reaching Mexico (Leopold 1959, Saunders and Saunders 1981) . Even though no significant simple downward trend can be detected in Mallard numbers in the country, its population has declined at an average rate of around 1.6% per year since 1960 (Pérez-Arteaga et al. unpubl. data). The decline in Mallard numbers and its scarcity in the Central highlands, the region with ''pure'' diazi populations (Scott and Reynolds 1984) , may limit the risk of Mallard genetic introgression there. Scott and Reynolds (1984) found no evidence in Mexico for genetic swamping of Mexican Duck by Mallard phenotype, even though significant phenotypic variation was found. However, morphological characters do not allow the precise determination of hybridization levels (Allendorf et al. 2001) . Determining whether individuals are first generation hybrids, backcross, or later generation hybrids is crucial, because populations still containing reasonable numbers of parental individuals could be potentially recovered by removal of hybrids or captive breeding (Allendorf et al. 2001 ). This information is not available for Mexican Duck populations. Molecular techniques, which simplify identification and description of hybridized populations (Allendorf et al. 2001 ) could be used to determine Mallard introgression in Mexican Duck, and whether populations in the Central highlands are under any threat from contamination. If this information is made available, it could be integrated in the selection of priority sites, assigning values to sites according to degrees of hybridization as a further restriction in the prioritization process.
Conclusion
Mexican Duck seems well adapted to the agricultural landscape of the highlands, and there is not sufficient evidence to consider it under serious threat. As the development of agriculture has provided newly created wetland habitat and a constant food surplus, it is unlikely that populations have ever been much larger than at present, and even when local declines exist in some areas and large fluctuations occur between years, the overall population seems to be compensating with increases in other areas. There exists no information about movements of Mexican Ducks between areas or survival between seasons or years, so no inferences can be made about the response of populations to local conditions. Due to the endemicity of the species and naturally occurring low numbers, such responses to changes in local conditions need to be investigated, especially in the highly degraded areas within the Rio Lerma drainage. Continuous monitoring through population surveys and banding efforts can be designed and implemented around the priority sites determined here, where a high proportion of the Mexican Ducks recorded in Mexico are present. Yet another priority action is to estimate the current minimum population size, and to regularly update this figure. Determining the degree of hybridization in northern populations is also recommended to assess if ''pure'' populations are at risk from genetic introgression and if so, to integrate it as a restriction for the selection of priority sites. The unique plasticity of the species and its adaptability to the agricultural environments of the highlands have prevented a severe impact by large-scale environmental changes on the populations. This unique situation also provides the rare opportunity to bring together sectors that have been traditionally incompatible, such as farming and conservation. Coordinated management efforts can be beneficial for Mexican Duck and other wildlife and also improve wetlands for livestock and irrigation use.
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